A Shimadzu LC20 HPLC (Kyoto, Japan) connected to Dawn Heleos II light scattering detector and Optilab reX refractometer (Wyatt Technologies Inc., CA) was used to combine size-exclusion chromatography with multi-angle laser light scattering measurements (SEC-MALS). SEC-MALS was used to analyze the purity and oligomeric state of proteins (Fig. S6) . 100 μl samples were injected onto an analytical Superdex 75 SEC column (GE Healthcare, PA) equilibrated at 293 K with the following buffers: 10 mM sodium phosphate pH 7.4 (cytochrome b 562 ); 20 mM MOPS pH 7.0 (WW domain); 50 mM MES pH 6.3 (CI2, SOD1); 20 mM sodium acetate pH 5.2 (lysozyme); 50 mM sodium phosphate pH 7.0 (α-spectrin domains); 20 mM Tris pH 7.5 (PDZ1 F95W). The ionic strength of buffers was adjusted to 150 mM using sodium chloride (except for the α-spectrin and PDZ buffers). Astra software (Wyatt Technologies, CA) was used to analyze light scattering experiments.
Effects of denaturant on tryptophan fluorescence emission and peptide thermophoresis. Titrating urea into a short, unstructured peptide (AWPAK) showed only a linear change in initial intrinsic fluorescence ("NT.LabelFree FES", circles) and peptide thermophoresis (triangles). This observation held true when ~2 K (black) or ~6 K (green) thermal gradients were used. Thus, the sigmoidal titration curves we present for proteins denaturation (see Fig. 3 in the Main Text) likely report on structural changes, not artefacts related to local fluorophore events or solvent viscosity. The observed linear change in fluorescence is consistent with known urea effects on tryptophan fluorescence emission [3] .
Supplementary Fig. S3 Examples of complex thermophoresis data associated with protein denaturation. (a)
Wild type R16 in 2.6 M urea had non-exponential thermophoresis traces in ~2 K (black, 20% laser power) and ~6 K (red, 80% laser power) gradients. This behaviour was highly reproducible and not caused by protein aggregation. Dashed lines show when the laser was switched on and off. (b) We hypothesized these effects could be due to slower cis-trans proline isomerisation events. However, similar traces were observed for the P60A mutant of R16 α-spectrin (which has no proline residues). Further, no anomalies were observed for the AWPAK peptide (Fig. S3) , which has temperature-dependent changes in proline isomerisation [4] . (c) Non-exponential traces were also seen for CI2 in 1.1 M GdmCl. Measuring these data at 310 K allowed baselines to be better defined than experiments performed at 298 K (Fig. 5C in the main text) . The steep baselines observed are characteristic of PDZ1 F95W since the engineered tryptophan residue has a poor signal change upon denaturation (compared to the urea-dependence of native and denatured baselines). (b) Normalizing the data in (a) to fraction folded allowed the stability changes induced by peptide binding to be more clearly visualized (colours and symbols as per (a)). Inset The NT.Labelfree instrument was also used to perform MST-based binding titrations at 310 K for LQRRRETQV (red triangles) and LQRRRETQ-Abu (blue squares). These experiments defined apparent K d values of ~7.1±0.5 μM and ~20±2 μM, respectively. The stability changes observed at 310 K were consistent with weaker K d values at 310 K (compared to 298 K, Fig. 5C, Main Text) . Nonetheless, the stability changes induced by 20 μM peptide was significant for both peptides (∆[Denaturant] 50% = 0.45±0.12 and 0.28±0.12 M respectively), with the stronger binder (LQRRRETQV) having a larger stability increase than the weaker binder (LQRRRETQ-Abu). Here we assume ∆[Denaturant] 50% values of >0.1 M as significant, which is much stricter than widely accepted norms for denaturant titrations [6] . The beauty of our approach is that the magnitude of ∆[Denaturant] 50% values can be tuned by varying the temperature and ligand concentration (compare Fig. S5a and Fig. 6b, Main Text) . This allows the assay conditions to be tuned until the magnitude of ligand-induced changes in stability best fit ones requirements. Supplementary Fig. S6 Confirming the purity and oligomeric state of proteins. (a) SDS-PAGE gel analysis of proteins used in this study. The molecular weight standards (lanes marked M) have their masses in (kDa) shown at left side of the gels. Labels above each lane identify each protein: "R15", "R16", "R1516" and "R16 P60A" denote the α-spectrin domain constructs; "lysozyme" denotes hen egg white lysozyme; "SOD1" denotes superoxide dismutase H43Y; "CI2" denotes wild type barley chymotrypsin inhibitor 2; "WW" denotes the murine FBP28 WW domain; "Cyt b 562 " denotes the F65W mutant of E. coli cytochrome b 562 ; "PDZ1" denotes the F95W mutant of the first PDZ domain repeat of post-synaptic density protein 95. (b) Proteins were confirmed to be monomeric and >98 % pure by SEC-MALS analyses. The masses of proteins eluting from the SEC column were calculated from the angular dependence and intensity of scattered light (see Protein names denoted as in Fig. S6A .
Supplementary Information Materials and Methods).

Supplementary
a CI2 was measured on the AB2 fluorimeter using a protein concentration of 2.5 μM.
b An LED power of 20 % was used at 310 K to compensate for attenuation of the fluorescence signal at this temperature. . Whilst this approach employs a lower data point density, it is acceptable for screening purposes.
